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EVALUATION OF ZAR-PRO LIFTING STRIP FIDELITY IN COMPARISON TO 
OTHER BLOOD FINGERPRINT ENHANCEMENT METHODS 
 
 
MALLORY KEMME 
 
  
ABSTRACT 
 
Fingerprints in blood indicate a threshold of violence has been surpassed in 
crime scenarios – making the crime resolution more urgent.  There exist multiple 
processes that enhance a blood fingerprint in its original position, or in-situ, with 
reliability so that an image can be obtained.  However, blood fingerprint evidence 
that cannot directly be transported to a laboratory for further analysis, due to the 
size or mobility of the substrate, calls for portability.  In 2010 Zar-Pro™ 
Fluorescent Blood Lifting Strips were patented by Jessica Zarate as a 
“fluorogenic method for lifting, enhancing, and preserving blood impression 
evidence”.  The lifted prints are also inherently fluorescent to further increase 
enhancement and contrast of the print.  There are currently no studies comparing 
Zar-Pro™ results with the results of other laboratory enhancement methods.  
This experiment compared Zar-Pro™ to other non-portable and frequently used 
alternatives – blood peak absorption and Hungarian Red enhancement to 
determine if Zar-Pro™ gives better blood fingerprint enhancement results than 
other non-portable alternatives – ALS visualization and Hungarian Red 
enhancement.  In this study, Zar-Pro™ methods produced more reliable and 
reproducible results over the Hungarian Red and blood peak absorption methods 
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on white and black ceramic tile.  From this study, one can also conclude that ALS 
peak absorption is better suited for the location of blood prints on a light-colored 
item of evidence, rather than an enhancement method of blood prints.   
 
vii 
 
TABLE OF CONTENTS 
 
Title           i 
Copyright Page          ii 
Reader’s Approval Page        iii  
Acknowledgements         iv 
Abstract          v 
Table of Contents         vii 
List of Tables         ix 
List of Figures         x 
List of Abbreviations        xiv 
Introduction          1 
 Fingerprint Overview       1 
 Challenges of blood fingerprints      5 
 Standard processes for blood fingerprints    7 
 Zar-Pro™ process        9 
Methods          11 
 Deposition of blood prints onto the non-porous substrates  11 
 In-situ blood peak absorption of ALS on non-porous substrates 15 
 Zar-Pro™ lift and fluorescence      16 
 Hungarian Red enhancement, gel lift, and fluorescence processes 18 
Results/Discussion         23 
viii 
 
 Analysis and comparison of in situ, ALS peak absorption, ZP lift, 23 
and ZP fluorescence of blood fingerprints 
Analysis of Hungarian Red processes and comparison to  42 
Zar-Pro™ 
Conclusions           59 
References          61 
Vita        64
ix 
 
LIST OF TABLES 
 
 
Table Title Page  
1 Coarse blood fingerprint scoring system definitions 14 
2 Finer blood fingerprint scoring system definitions 15 
3 In situ blood prints on white ceramic tile – Coarse Scores 24 
4 In situ blood prints on white ceramic tile – Finer Scores 26 
5 In-situ blood prints on ceramic tile 28 
6 Peak absorbing blood prints on ceramic tile 30 
7 Zar-Pro™ Lifts in white light on ceramic tile 33 
8 Zar-Pro™ fluorescent prints from ceramic tile 35 
9 Hungarian Red in white light on ceramic tile 43 
10 Hungarian Red lifts in white light from ceramic tile 45 
11 HR lift fluorescence in white light from ceramic tile 47 
   
 
x 
 
LIST OF FIGURES 
 
 
Figure  Title Page  
1 Example photographs of an in-situ blood fingerprint on 
white tile (left) and black tile (right) 
14 
2 Example photograph of an ALS enhanced blood fingerprint 
on white tile (on black tile, the fingerprint appeared black 
on a black background).  The print is seen under and 
incident wavelength of 415nm and a yellow barrier filter. 
16 
3 Example photograph of the Zar-Pro™ lift of a blood 
fingerprint from white tile in white light 
17 
4 Example photograph of Zar-Pro™ lift fluorescence of a 
blood fingerprint from white tile under 515nm incident light 
with an orange barrier filter 
18 
5 Example photographs of Hungarian Red enhancement of 
a blood fingerprint on white tile (left) and black tile (right) in 
white light 
20 
6 Example photograph of a Hungarian Red gel lift of a blood 
fingerprint from white tile in white light 
21 
7 Example photograph of Hungarian Red lift fluorescence of 22 
xi 
 
a blood fingerprint from white tile under 550nm incident 
light with a red barrier filter 
8 In-situ blood prints under white light on white ceramic tile, 
coarse scale system 
25 
9 In-situ blood prints under white light on white ceramic tile 
in (a) coarse scores and (b) finer scores 
27 
10 In-situ blood prints on both white and black ceramic tile 
with normalized number of samples 
29 
11 In-situ blood prints under ALS on both white and black 
ceramic tile 
31 
12 Zar-Pro™ lifts in white light on white and black ceramic tile 34 
13 Zar-Pro™ lift fluorescence on white and black ceramic tile 36 
14 (a) In situ print 6b on white tile in white light, (b) Zar-Pro™ 
lift of print 6b from white tile in white light – photo flipped 
horizontally, (c) Zar-Pro™ lift fluorescence of print 6b from 
white tile under ALS – photo flipped horizontally. 
37 
15 (a) In situ print 6b on black tile in white light, (b) Zar-Pro™ 
lift of print 6b from black tile in white light – photo flipped 
horizontally, (c) Zar-Pro™ lift fluorescence of print 6b from 
black tile under ALS – photo flipped horizontally. 
38 
16 Figure 17: Direct comparison of the Zar-Pro™ and ALS 39 
xii 
 
enhancement methods to in-situ blood prints on white 
ceramic tile 
17 Direct comparison of the Zar-Pro™ and ALS enhancement 
methods to in-situ blood prints on black ceramic tile 
40 
18 Hungarian Red enhancement of blood prints in white light 
on white and black ceramic tile 
44 
19 Hungarian Red lifts in white light from white and black 
ceramic tile 
46 
20 Hungarian Red lift fluorescence in white light from white 
and black ceramic tile. 
48 
21 (a) In situ print 20a on white tile in white light, (b) 
Hungarian Red enhancement of print 20a on white tile in 
white light (c) Hungarian Red lift of print 20a from white tile 
in white light featuring a small void in print – photo flipped 
horizontally, (d) Hungarian Red lift fluorescence of print 
20a from white tile under ALS featuring a small void in 
print – photo flipped horizontally. 
50 
22 (a) In situ print 5d on black tile in white light, (b) Hungarian 
Red enhancement of print 5d on black tile in white light (c) 
Hungarian Red lift of print 5d from black tile in white light 
featuring a large void in the print – photo flipped 
52 
xiii 
 
horizontally, (d) Hungarian Red lift fluorescence of print 5d 
from black tile under ALS featuring a large void in the print 
– photo flipped horizontally. 
23 Direct comparison of Hungarian Red enhancement 
methods to in-situ blood prints on white ceramic tile 
53 
24 Direct comparison of Hungarian Red enhancement 
methods to in-situ blood prints on black ceramic tile 
55 
25 Direct comparison between Zar-Pro™ enhancement 
methods and Hungarian Red enhancement methods of 
blood prints on white ceramic tile 
57 
26 Direct comparison between Zar-Pro™ enhancement 
methods and Hungarian Red enhancement methods of 
blood prints on black ceramic tile 
58 
xiv 
 
ABBREVIATIONS  
 
 
ALS     Alternate Light Source 
Crime Scene Investig. Netw. Crime Scene Investigator Network 
HR     Hungarian Red 
J Forensic Identif   Journal of Forensic Identification 
ZP     Zar-Pro™
1 
 
INTRODUCTION 
 
Fingerprints are important and quantifiable evidence at crime scenes.  Prints in 
blood indicate a threshold of violence has been surpassed in crime scenarios – 
making the crime resolution more urgent.1  Often the questioned impression is 
left by the suspect during or after the commission of the crime, and an 
identification of this print will be important.  There exist multiple processes that 
enhance a blood fingerprint in its original position, or in-situ, with reliability so that 
an image can be obtained.  However, blood fingerprint evidence that cannot 
directly be transported to a laboratory for further analysis, due to the size or 
mobility of the substrate, calls for portability.  To remedy this, the author has 
examined a method that can lift blood fingerprints dependably and transport this 
information to the laboratory for further processing – Zar-Pro™.  In this thesis, 
the Zar-Pro™ process will be compared to other long-standing and accepted 
blood enhancement processes to determine if the blood fingerprint fidelity is 
degraded when the option of portability is introduced. 
 
Fingerprint Overview 
 
Fingerprints are made up of ridges and the furrows between them.  The patterns 
that these ridges form on the tip of the finger are unique between all individuals 
and within each finger of an individual.2,3  Fingerprint ridges are formed before 
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birth, on volar skin, also known as palm or sole skin.  Human fetuses exhibit volar 
pads on the tips of each finger, and these pads can be perfectly symmetrical or 
asymmetrical.  Ridges will eventually form on top of these volar pads deep in the 
dermis layer of cells.  Then the volar pads will regress, leaving the fetal finger to 
look as expected.  These ridges will form in a particular shape that depends on 
the original shape of the volar pad.  The shape, and resulting fingerprint pattern, 
also depends on the point at which volar pad regression has progressed when 
formation began.3,4  Furthermore, the individual details of each fingerprint are 
governed by DNA3,4, in that DNA acts as a blueprint for all bodily processes.  
However, researchers have found that fingerprints are unique not just because of 
an individual’s DNA, but also due to many other environmental processes, such 
as the compression on the deeper layers of dermis during fetal formation.3  No 
one human has ever been found to have the exact same pattern as another, 
including identical twins.5  This uniqueness has given fingerprint identification 
extensive weight in courts of law for many decades when assisting with crime 
resolution. 
 
Fingerprints at crime scenes are observed in three types: latent, patent, and 
plastic.6  Latent prints – fingerprints that are not readily visible and are made by 
contact with a surface.  This contact with the friction ridge skin must involve some 
sort of matrix, the substance that is either deposited or removed by the friction 
ridge skin when creating the impression.  These are the most common type of 
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impressions.  Patent prints are defined as fingerprints that are made when some 
substance, like paint or blood, is transferred from the friction ridge skin to a 
surface exhibiting the friction ridge detail.  Plastic prints are friction ridge 
impressions left in a soft and pliable surface, such as gum or putty.6,2 
 
Latent fingerprints are composed of sweat secretions accumulated on the 
surface of the friction ridge skin and any dirt or debris that is present at the time 
of deposition.  Sweat is produced by three glands: the eccrine, apocrine, and 
sebaceous glands.  Each gland secretes different mixtures of substances, and 
each type of gland is distributed differently across different areas of skin.7  
Eccrine glands are especially concentrated in palms of hands, soles of feet, and 
the forehead7, and therefore the most important when discussing fingerprints.  
Compounds in eccrine gland sweat include water, amino acids, proteins, lipids, 
and trace compounds such as glycoproteins (notably interleukin 1), lactic acid, 
sugars, and electrolytes.6,7  Amino acids are especially important compounds in 
sweat as they are always present in some amount in a latent fingerprint, and 
have a high affinity for cellulose.  This characteristic allows them to impregnate a 
porous surface, such as paper, and be retained more easily.4  Many latent 
fingerprint enhancement processes take advantage of this and  involve the use of 
amino acids, such as ninhydrin, 1,8-diazafluoren-9-one (DFO), and 1,2-
indanedione.6,4 
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There is no set number of comparison level two details between a known and 
unknown print that makes an identification.8  Many labs do have a number of 
points defined, and these may vary between labs.  The current discussion is that 
in the future, some threshold of the combination of level one, two, and level three 
detail may be established to standardize fingerprint comparisons.  Fingerprint 
examiners typically rely on the combined quantity and quality of visible level 1, 2, 
and 3 detail.8,9 
 
During scientific fingerprint analysis, an examiner will look at three levels of 
detail, first conducting an analysis if warranted to make a comparison and 
identification, exclusion, or inconclusive determination.  Level 1 detail describes 
the overall flow of ridges across a fingertip.  The flow will form a shape, which 
can be categorized into three broad patterns: the arch, the loop, and the whorl.  
Once an examiner has determined that the level 1 detail between a known print 
and an unknown print correspond, they will move to the level 2 detail.  Level 2 
consists of the ridge events as they flow, also called ridge minutiae.  Different 
types of ridge minutiae are ridge endings, bifurcations (splitting of one ridge into 
two), trifurcations, dots, enclosures, deltas, hooks, and island ridges.  A third 
level of detail exists only if the quality of the fingerprint is very high.  Level 3 detail 
denotes the size and shape of each individual ridge unit and the placement of 
pores on the ridge unit.  Some fingerprints exhibit incipient ridges, which can be 
used in the comparison phase to support an identification through further 
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comparative detail.  Incipient ridges are thin, fragmented, not fully formed ridges 
found in the spaces between mature fingerprint ridges.  They are not as high as 
mature ridges, but can be seen when adequate pressure has been applied 
during fingerprint deposition.11  Incipient ridges  in an hold the same amount of 
weight as level 2 and level 3 detail. 
 
All visible ridge minutiae must correlate between the known and unknown friction 
ridge impression for an identification to be effected.10  Fingerprint ridges are not 
uniform in nature.  Each ridge is entirely unique in its form.2,9  Upon the 
evaluation of the friction ridge impression, based on the quantity and quality of 
the friction ridge impression, a conclusion may be made by the examiner about 
whether the known and unknown impression came from the same source.  
 
Any lift that is taken of an impression will be in the same orientation as the friction 
ridge skin, and an inverse of the original impression.  When a print is lifted, the 
image must be laterally reversed in order for the examiner to directly compare 
known and unknown fingerprints. 
 
Challenges of blood fingerprints 
 
Blood is composed of plasma and cells (red blood cells, white blood cells, and 
platelets).  The plasma portion of human blood makes up about 55% of the total 
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volume, and cells are about 45% of the total volume.  Over 90% of plasma is 
water, and the rest is protein, organic acids, and salt.12  Many forensic blood 
enhancement tests react to the hemoglobin molecules in red blood cells, such as 
Luminol.  Other tests, like Amido Black13, react with proteins present in 
plasma.5,14 
 
Blood fingerprints are often referred to as blood impressions, although they are 
categorized as patent prints if visible.  Some blood impressions may contain 
trace amounts of blood, and appear invisible or nearly invisible to the naked eye.  
These impressions would be classified as latent.  Similar to latent fingerprints 
containing no blood, blood impressions frequently need to undergo some sort of 
enhancement due to the dilution of blood or the presence of a very small amount 
of blood that was on the finger at the time of deposition.  This enhancement aims 
to provide better contrast between the ridges and the background substrate for 
easier visualization and comparison.  There are multiple ways to enhance such 
an impression.  One common chemical enhancement process used to enhance 
blood fingerprints involves the use of Hungarian Red.  An alternate light source 
(ALS) at an incident wavelength of 415nm with an yellow barrier filter is also 
helpful in viewing blood fingerprints: blood exhibits complete absorption at this 
wavelength and will appear black on most backgrounds.5  This characteristic is 
referred to in this study as the peak absorption of blood. 
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An issue many criminalists face with blood fingerprints is the portability of both 
the evidence and enhancement methods.  Both Hungarian Red and the use of 
ALS require laboratory settings, meaning the item of evidence containing the 
blood fingerprint needs to be packaged and brought back to the forensic 
laboratory for analysis.  In instances where the item containing a blood fingerprint 
is very large or immovable, criminalists often have no choice but to resort to 
photography.15  Photography of evidence, if done correctly, can be beneficial in 
the processing of criminal cases.  However, poor photography techniques 
leading to photo quality limits and lack of enhancement can decrease the quality 
of the image obtained, and therefore the quality of the evidence visualization and 
detail.5 
 
Standard processes for blood fingerprints 
 
An alternate light source, ALS, is commonly used in the field of forensics for 
locating and examining physical evidence.  ALS almost always refers to the use 
of fluorescent materials under specific light wavelengths.  Fluorescence occurs 
when the energy of a particular incident wavelength of light reacts with electrons 
in fluorescing atoms, exciting them into a higher state.  When they relax back 
down to the ground state, the electrons release energy in the form of fluorescent 
light.16  For proper viewing and photography of fluorescent items, barrier filters 
and goggles are used to block the incident light wavelength and allow only the 
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fluorescent light to reach the camera lens or eye.  Many items of potential 
interest in a forensic investigation exhibit fluorescence under certain wavelengths 
of light.  The most common wavelength utilized in forensics is the blue range: 
430-470nm.  An orange barrier filter on the camera lens and orange goggles over 
eyes block the blue incident light and allow only the fluorescent wavelength to 
pass through.17 
 
Hemoglobin in blood exhibits its peak absorption at a wavelength of 415nm18, 
therefore with the use of a yellow barrier filter and goggles, blood will appear 
totally black or dark brown.  This characteristic, referred to in this paper as peak 
absorption, is useful in the location and visualization of bloodstains and blood 
fingerprints at crime scenes, especially on substrates that are not conducive to 
the use of chemical enhancement processes.  Generally, the background 
substrate will reflect some blue light back to the viewer, creating contrast 
between the blood, which is now black, and the background.  This method is 
often utilized in the location of a stain because it is a fast, non-invasive technique 
and can be used over a large surface area. 
 
Hungarian Red, HR (also called acid fuschin), is a highly sensitive enhancement 
method that binds to and stains the proteins in blood14,19,20, darkening the blood 
to a dark magenta color.  This method may also darken the substrate if applied 
too long, more than about 5 minutes, so care must be taken during the process.  
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A blood fingerprint enhanced with Hungarian Red has also shown the ability to 
be lifted from the source using a gel lifter.20,21  Both the enhanced and lifted prints 
will fluoresce with an incident light range of 520nm-560nm (green) and an orange 
or red barrier filter.19  This method involves a rinsing step and air drying, 
therefore it must also be done in a forensic laboratory. 
 
Zar-Pro™ process 
 
In 2010 Zar-Pro™ Fluorescent Blood Lifting Strips were patented by Jessica 
Zarate as a “fluorogenic method for lifting, enhancing, and preserving blood 
impression evidence”.22,23  These titanium dioxide-impregnated strips are 
designed to lift patterned stains containing protein, specifically blood 
impressions, and maintain the friction ridge detail on a white background for 
easier viewing.22  The lifted prints are also inherently fluorescent to further 
increase enhancement and contrast of the print.  To use the strips, activator fluid 
must be misted onto a clean strip that has been cut to the appropriate size.  The 
activation side of the strip is then applied to the blood fingerprint.  With the 
addition of pressure, the proteins in the blood residue react with and bind to the 
titanium dioxide in the strip membrane and adhere to the strip permanently.22  
The strip is peeled off the substrate with the blood fingerprint clinging to it.  The 
lift can later be caused to fluoresce bright yellow (570 to 590nm) with ALS using 
505nm incident light with an orange filter.23 
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Manufacturers claim that Zar-Pro™ works well on both porous and non-porous 
surfaces, with either solid or patterned backgrounds.23  The portability and ease-
of-use of Zar-Pro™ make it perfect for blood fingerprints on large or immovable 
objects at crime scenes.23  However, there are currently no studies comparing 
Zar-Pro™ results with the results of other laboratory enhancement methods.  
This experiment aims to determine if Zar-Pro™ gives better blood fingerprint 
enhancement results than other non-portable alternatives – blood peak 
absorption and Hungarian Red enhancement. 
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METHODS 
 
Deposition of blood prints onto the non-porous substrates 
 
The purpose of the first experiment was to compare Zar-Pro™ blood fingerprint 
lifting strips to an Alternate Light Source (ALS) at an incident wavelength of 
415nm, where blood exhibits complete absorption.  Only Nitrile gloves were used 
throughout, as latex gloves contain proteins that may be picked up by the Zar-
Pro™ strips and contaminate the results. 
 
Ten 4.5”x4.5” white glossy ceramic tiles and ten 4.5”x4.5” black ceramic tiles 
were obtained from Home Depot.  Each tile was labeled, from 1 to 10 (white and 
black), on the back using a permanent marker.  A grease pencil was used to 
mark each tile into four quarters with two solid lines.  The tile sections were 
labeled “a”, “b”, “c”, and “d”.  A grease pencil was chosen for labeling because it 
does not run or bleed, and would not be rinsed off the tiles easily. 
 
After preparing the tiles, whole bovine blood containing sodium EDTA was 
obtained.  The EDTA has been shown not to affect Zar-Pro™ results23, and 
excess blood with EDTA can be repurposed in later experiments.   
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The blood was allowed to reach room temperature before beginning each 
experiment, to most closely model a typical crime scene.  A small amount of the 
bovine blood was collected and placed into a small plastic weigh boat with a 
white cotton square in the bottom.  The cotton square was hand cut from an 
unused white t-shirt in a 1 inch by 1 inch square and placed in the weigh boat in 
only one layer.  The purpose of the cotton square was to act as a sort of “ink 
pad”1 for the blood and distribute it evenly across a surface – i.e.  a finger – while 
avoiding excess blood accumulation.  Just enough blood was used to fill the 
bottom of the weigh boat and absorb into the cotton – about 1ml24.  After 
sufficiently coating the tip of a thumb in the blood, it was dabbed twice onto a 
KimWipe to get rid of excess blood before depositing a print on the substrates. 
 
The author’s de-gloved right thumb was used for all prints, and each print was 
made by touching the surface of the substrate instead of rolling the finger across 
it.  In this way, it became easier to maintain consistent pressure across and 
between each print and minimize distortion of the ridge detail24. 
 
One blood fingerprint in each quadrant of each black and white tile was created 
by dipping the thumb into the whole bovine blood, dabbing twice on a clean dry 
KimWipe, and immediately pressing the finger down on the substrate so that the 
remaining blood did not dry on the finger.  The finger was re-dipped into the 
blood and all other prints on all squares of each substrate were completed in the 
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same way.  In total, 120 labeled blood fingerprints were deposited onto the non-
porous substrates. 
 
Just enough blood to cover the surface of the finger was used, and no more.  
This process took about 30 minutes to complete.  The amount of pressure 
applied for each print to achieve maximum print detail was light to medium.  On a 
scale this amounted to a weight of about 3.0 psi24.  The same finger angle (with 
respect to the tile plane) and amount of pressure were used for every print, in 
order to achieve consistency and reproducibility.  After all blood fingerprints were 
made, the tiles were allowed to dry about 30 minutes at room temperature. 
 
Each print was photographed individually using a Canon™ model EOS40D 
camera with an attached macro lens.  An ISO setting of 100 and manual focus 
were settings used throughout the study.  Shutter speed and f-stop were 
adjusted so that each photograph gave an overall exposure setting of 0. 
 
In-situ photographs were taken with a label and scale in a MK Digital Direct™ 
Digital Imaging System photo box using white light prior to any chemical or ALS 
enhancement (see Figure 1).  Table 1 contains a coarse scoring system for every 
observed and photographed print.  This system was first used in the original 
validation study of Zar-Pro™23. 
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Figure 1: Example photographs of an in-situ blood fingerprint on white tile (left) and black tile 
(right). 
 
Table 1  Coarse blood fingerprint scoring system definitions23,25 
Score Definition 
0 No visible blood material, no visible ridge detail 
1 Visible blood material, no visible ridge detail 
2 Visible blood material, visible ridge detail including some ridge paths or impression 
pattern 
3 Visible blood material, visible ridge detail including impression pattern and ridge path 
with clear details 
 
This course system was found unsatisfactory, therefore a finer system was 
defined and used for the rest of the study.  Table 2 below illustrates the finer 
scoring system. 
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Table 2  Finer blood fingerprint scoring system definitions25 
Score Definition 
0 No visible blood material, no visible ridge detail 
0.5 Very little visible blood material, no visible ridge detail 
1 Visible blood material, no visible ridge detail 
1.5 Visible blood material, very little visible ridge detail 
2 Visible blood material, visible ridge detail including some ridge paths or impression 
patterns 
2.5 Visible blood material, visible ridge detail including most ridge paths or impression 
patterns 
3 Visible blood material, visible ridge detail including impression pattern and ridge path 
with clear details 
3.5 Visible blood material, visible ridge detail including impression pattern and all contained 
ridge paths with very clear details 
 
In-situ blood peak absorption on non-porous substrates 
 
In this section of the experiment an ALS was used to visualize the prints as they 
were, relying on the peak absorption spectrum of blood.  To preclude potential 
degradation of blood fingerprints, all prints labeled “a” and “c” were viewed with 
the ALS, and all fingerprints labeled “b” and “d” were later enhanced by the Zar-
Pro™ strips.  The prints marked “b” and “d” on each tile were covered with 
cardboard so that they were not illuminated during the ALS procedure. 
 
In a completely dark room, the Spex Forensics™ HandScope Xenon crime scene 
light source was employed as the alternate light source.  Using this instrument at 
a blue incident wavelength of about 415nm and a yellow barrier filter on the 
camera lens and yellow goggles on the eyes, the light absorbing blood 
fingerprints on each tile marked “a” and “c” were observed and photographed 
(see Figure 2).  The prints appeared dark due to peak light absorption of blood. 
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Figure 2: Example photograph of an ALS enhanced blood fingerprint on white tile (on black tile, 
the fingerprint appeared black on a black background).  The print is seen under and incident 
wavelength of 450nm and a yellow barrier filter. 
 
All scores were zero on the black tiles for the following reason: blood absorbs all 
light at 415nm.  The absorption of all light and reflection of none results in black.  
The black ceramic tile also absorbs all light and reflects none.  Therefore, the 
result of these trials was black on black, and no visible prints were seen. 
 
Zar-Pro™ lift and fluorescence 
 
The blood prints marked “b” and “d” on each tile were used for the Zar-Pro™ strip 
lifting process.  These prints were not previously illuminated in the ALS 
procedure.  Twenty 1.5”x1.5” squares were cut from two 8”x8” sheets of Zar-
Pro™.  Using a black ball point pen, each square sample of Zar-Pro™ was 
labeled on the back (non-activation) side.  The squares were labeled as the “ZP 
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lift #” of the blood print.  The Zar-Pro™ activator fluid was misted onto the sample 
strip so that it was sufficiently wet, but not dripping or pooling liquid.  The 
activated side of each Zar-Pro™ strip was applied directly to the corresponding 
blood print.  Consistent heavy pressure needed to be applied to each strip before 
removal – about 15 psi24 – for approximately 10 seconds.  The membrane was 
peeled off by lifting from a single corner first.  Each lift was allowed to air dry at 
room temperature for one hour. 
 
After drying, each Zar-Pro™ lift was photographed under white photo box light 
(see Figure 3). 
 
 
Figure 3: Example photograph of the Zar-Pro™ lift of a blood fingerprint from white tile in white 
light. 
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Subsequently, each Zar-Pro™ lift was photographed using a CrimeLite™ Blue 
portable crime scene light source near a wavelength of 505nm incident light with 
an orange barrier filter and visualized using orange goggles (see Figure 4). 
 
 
Figure 4: Example photograph of Zar-Pro™ lift fluorescence of a blood fingerprint from white tile 
under 505nm incident light with an orange barrier filter. 
 
 
Hungarian Red enhancement, gel lift, and fluorescence processes 
 
The purpose of the second experiment was to compare Zar-Pro™ blood 
fingerprint lifting strips to Hungarian Red enhancement methods.  Hungarian Red 
was chosen as a comparison method for blood fingerprint enhancement because 
it is regularly used in the field of forensics to enhance blood prints on non-porous 
surfaces.  On fresh in-situ blood fingerprints, the Hungarian Red enhancement, 
19 
 
Hungarian Red gel lift, and gel lift fluorescence processes were employed in the 
following manner. 
 
On the prints labeled “a” and “b” on 10 white and 10 black ceramic tiles, a pre-
mixed Evident brand Hungarian Red solution26 was applied using a transfer 
pipette.  Each tile was tilted over a large weigh boat and the excess solution was 
allowed to run off the tile into the weigh boat.  The solution was in contact with 
each print for about 1 minute.  It was then rinsed off with deionized water using a 
clean transfer pipette into a clean weigh boat.  Each print was also dabbed lightly 
using a KimWipe to keep the Hungarian Red solution from re-dissolving into any 
leftover water droplets. 
 
Once dry, the Hungarian Red-enhanced prints were photographed in a white light 
photo box (see Figure 5). 
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Figure 5: Example photographs of Hungarian Red enhancement of a blood fingerprint on white 
tile (left) and black tile (right) in white light. 
 
On the same prints enhanced with Hungarian Red, Evident brand white gel 
lifters27 were used to lift the stained prints from the tile.  Twenty 1.5” squares 
were cut from one sheet of gel lift.  Each gel lift square was labeled on the back 
as “HR lift #”, the clear acrylic cover was removed, and then it was applied sticky-
side down onto the enhanced blood print.  The gel lift was rolled down in order to 
better avoid incorporating bubbles between the Hungarian Red and the gel.  The 
lifts were left on each print for 15 minutes, and then they were peeled back.  The 
clear covers were replaced.  Efficient work was important, as photography of gel 
lifts must be done quickly:  after about an hour, the stain from the Hungarian Red 
method will absorb into nearby gel, blurring the ridges of the print20. 
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Each Hungarian Red lift was photographed in a white light photo box (see Figure 
6). 
 
 
Figure 6: Example photograph of a Hungarian Red gel lift of a blood fingerprint from white tile in 
white light. 
 
Finally, each Hungarian Red lift was photographed using an UltraLite ALS™ at 
an incident wavelength of 550nm (green-colored) with red barrier filter and red 
goggles (see Figure 7). 
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Figure 7: Example photograph of Hungarian Red lift fluorescence of a blood fingerprint from white 
tile under 550nm incident light with a red barrier filter. 
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RESULTS/DISCUSSION 
 
Analysis and comparison of in situ, peak absorption, Zar-Pro™ lift, and Zar-Pro™ 
fluorescence of blood fingerprints 
 
This section contains a comparison of the in-situ, peak absorption, Zar-Pro™ lift 
and Zar-Pro™ fluorescence methods.  In general, the Zar-Pro™ methods, and in 
particular Zar-Pro™ fluorescence, are advantageous in the amount of detail and 
contrast shown over in-situ blood prints. 
 
Bovine blood was used for this study because it has been shown to react with 
protein-based enhancement methods, like Zar-Pro™, in the same way that 
human blood will16.  Moreover bovine blood was selected for this experiment 
because it is easy to use, inexpensive, and free from possible biohazards. 
 
All images in this study were visualized and scored in the color spectrum.  They 
were not converted to black and white. 
 
Table 3 includes the coarse scores for blood prints on white tile viewed under 
photo box white light.  The results are illustrated in Figure 8. 
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Table 3 
In situ blood prints on white ceramic tile – Coarse Scores 
Print Score Print Score 
1a 2 6a 2 
1b 2 6b 2 
1c 3 6c 2 
1d 3 6d 2 
2a 3 7a 3 
2b 3 7b 3 
2c 3 7c 3 
2d 2 7d 2 
3a 3 8a 3 
3b 3 8b 3 
3c 2 8c 3 
3d 2 8d 3 
4a 2 9a 3 
4b 2 9b 3 
4c 3 9c 3 
4d 3 9d 2 
5a 3 10a 2 
5b 3 10b 3 
5c 3 10c 3 
5d 2 10d 3 
    
  MEAN 2.63 
  STDEV 0.49 
  RANGE 1.00 
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Figure 8: In-situ blood prints under white light on white ceramic tile, coarse scale system 
 
After analyzing the in-situ blood fingerprints using the integer scale, the relatively 
large standard deviation for this method proved unsatisfactory.  Because of this, 
a finer scale was defined and used to re-analyze the samples using the scale 
described in Table 2 in the Methods section. 
 
Table 4 shows the new, finer scoring system used to evaluate the same in-situ 
blood prints on white ceramic tile.  These results for all fingerprints compare 
consistently (the standard deviations are roughly the same, but note there is an 
added 3.5 possibility which raises the mean in the finer scale) to the previous 
coarse scoring system as in Table 4 and illustrated in Figure 9.   
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Table 4 
In situ blood prints on white ceramic tile – Finer Scores 
Print 
White Tile 
Score 
Print 
White Tile 
Score 
1a 2 6a 2 
1b 2.5 6b 2 
1c 3 6c 2 
1d 3.5 6d 2 
2a 3 7a 3.5 
2b 3.5 7b 3 
2c 3 7c 3 
2d 2.5 7d 2.5 
3a 2.5 8a 3 
3b 3 8b 3 
3c 2.5 8c 3.5 
3d 2.5 8d 3 
4a 2 9a 3 
4b 2.5 9b 3 
4c 3 9c 2.5 
4d 3 9d 2 
5a 3 10a 2.5 
5b 3.5 10b 3 
5c 3 10c 2.5 
5d 2.5 10d 3 
    
  MEAN 2.75 
  STDEV 0.47 
  RANGE 1.50 
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Figure 9: In-situ blood prints under white light on white ceramic tile in (a) coarse scores and (b) 
finer scores. 
 
Table 5 includes the finer scores for both white ceramic tile and black ceramic 
tile.  The data is illustrated in Figure 10. 
 
 
 
 
 
 
 
 
 
 
a b 
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Table 5 
In-situ blood prints on ceramic tile 
Print 
White Tile 
Score 
Black Tile 
Score 
Print 
White Tile 
Score 
Black Tile 
Score 
1a 2 2.5 6a 2 3 
1b 2.5 2.5 6b 2 3 
1c 3 2 6c 2 3.5 
1d 3.5 3 6d 2 3 
2a 3 3.5 7a 3.5 3.5 
2b 3.5 2 7b 3 3.5 
2c 3 3 7c 3 3 
2d 2.5 2 7d 2.5 3 
3a 2.5 3 8a 3 3.5 
3b 3 3.5 8b 3 3.5 
3c 2.5 2 8c 3.5 3.5 
3d 2.5 2 8d 3 3.5 
4a 2 3 9a 3 3 
4b 2.5 2.5 9b 3 3.5 
4c 3 3 9c 2.5 3.5 
4d 3 2 9d 2 3 
5a 3 2 10a 2.5 3.5 
5b 3.5 2.5 10b 3 3.5 
5c 3 3.5 10c 2.5 1 
5d 2.5 2 10d 3 2.5 
      
   MEAN 2.75 2.86 
   STDEV 0.47 0.64 
   RANGE 1.50 2.50 
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Figure 10: In-situ blood prints on both white and black ceramic tile with normalized number of 
samples. 
 
The number of samples in the above figure was normalized by dividing by 2.  
This was done for the purpose of directly comparing the processes, as there 
were 40 in-situ blood print samples and only 20 samples of all other methods. 
 
Table 6 shows scores from the peak absorbing blood prints using 415nm incident 
light and a yellow barrier filter and yellow goggles.  The results are illustrated in 
Figure 11. 
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Table 6 
Peak absorbing blood prints on 
ceramic tile 
Print 
White 
Tile 
Scores 
Black 
Tile 
Scores 
1a 2.5 0 
1c 2 0 
2a 3 0 
2c 3 0 
3a 2.5 0 
3c 3 0 
4a 3 0 
4c 2.5 0 
5a 2.5 0 
5c 2.5 0 
6a 2 0 
6c 3 0 
7a 2 0 
7c 2.5 0 
8a 3 0 
8c 2 0 
9a 2.5 0 
9c 2.5 0 
10a 2.5 0 
10c 3 0 
  
 
MEAN 2.58 0.00 
STDEV 0.37 0.00 
RANGE 1.00 0.00 
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Figure 11: In-situ blood prints under ALS on both white and black ceramic tile. 
 
The peak absorption process gave poorer results than the in-situ blood prints, 
which did not undergo any enhancement or change in lighting.  All scores for 
black tile were zero, as the blood under 415nm, which was black, did not show at 
all on the black background. 
 
One of the advantages of the finer scoring system was the ability to quantify the 
apparent superiority of the Zar-Pro™ lifts over the in-situ blood prints even prior 
to fluorescing illumination.  This may be an indication of a threshold or non-linear 
contrast enhancement of the ridges within the Zar-Pro™ lifting process.  In 
addition, fluorescing the Zar-Pro™ sample enhanced this contrast even more: 
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level 3 ridge detail, including sweat pores and incipient ridges, became visible.  
This is illustrated in Figures 16 and 17 below. 
 
Table 7 contains the scores obtained for the Zar-Pro™ lifts of blood prints in 
white light, and the results are illustrated in Figure 12. 
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Table 7 
Zar-Pro™ Lifts in white light 
on ceramic tile 
Print 
White 
Tile 
Scores 
Black 
Tile 
Scores 
1b 3 3.5 
1d 3.5 3.5 
2b 3.5 3.5 
2d 3 3.5 
3b 3.5 3.5 
3d 3 3.5 
4b 3 3.5 
4d 3.5 3.5 
5b 3.5 3 
5d 3 3 
6b 2.5 3.5 
6d 2.5 3.5 
7b 2.5 3.5 
7d 2.5 3.5 
8b 3 3.5 
8d 3 3.5 
9b 3 3.5 
9d 3 3.5 
10b 3.5 3.5 
10d 3 3.5 
  
 
MEAN 3.05 3.45 
STDEV 0.36 0.15 
RANGE 1.00 0.50 
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Figure 12: Zar-Pro™ lifts in white light on white and black ceramic tile. 
 
 
Table 8 shows the scores obtained for the Zar-Pro™ blood print lifts under ALS 
illumination of 515nm with an orange barrier filter and orange goggles.  The 
results are illustrated in Figure 13. 
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Table 8 
Zar-Pro™ fluorescent prints 
from ceramic tile 
Print 
White 
Tile 
Scores 
Black 
Tile 
Scores 
1b 3.5 3.5 
1d 3.5 3.5 
2b 3.5 3.5 
2d 3.5 3.5 
3b 3.5 3.5 
3d 3.5 3.5 
4b 3.5 3.5 
4d 3.5 3.5 
5b 3.5 3.5 
5d 3.5 3.5 
6b 3 3.5 
6d 3.5 3.5 
7b 3.5 3.5 
7d 3.5 3.5 
8b 3.5 3.5 
8d 3.5 3.5 
9b 3.5 3.5 
9d 3.5 3.5 
10b 3.5 3.5 
10d 3.5 3.5 
  
 
MEAN 3.48 3.50 
STDEV 0.11 0.00 
RANGE 0.50 0.00 
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Figure 13: Zar-Pro™ lift fluorescence on white and black ceramic tile 
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Figure 14: (a) In situ print 6b on white tile in white light, (b) Zar-Pro™ lift of print 6b from white tile 
in white light – photo flipped horizontally, (c) Zar-Pro™ lift fluorescence of print 6b from white tile 
under ALS – photo flipped horizontally. 
 
In Figure 14, the in-situ print and the Zar-Pro™ lift show a similar amount of 
detail.  However, the ridges appear to be slightly different colors – the Zar-Pro™ 
lifting membrane had a tendency to change the blood residue a darker red-brown 
color than the original blood residue.  All the Zar-Pro™ lifts are inverted prints; 
therefore, the photos were flipped across the x-axis in order to directly compare 
them to the original.  In the figure, the Zar-Pro™ fluorescence allowed for 
visualization of some ridge detail that could not be seen under white light in either 
the in-situ print or the Zar-Pro™ lift. 
 
a b c 
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Figure 15: (a) In situ print 6b on black tile in white light, (b) Zar-Pro™ lift of print 6b from black tile 
in white light – photo flipped horizontally, (c) Zar-Pro™ lift fluorescence of print 6b from black tile 
under ALS – photo flipped horizontally. 
 
In Figure 15, the blood print on black tile could only be seen as a reflection of the 
light off the shiny blood residue.  Much of the print was not visible in white light 
because of the dark blood on a dark background, and in this instance it would 
even be difficult to determine the broad category of print shape.  ALS peak 
absorption was unsuccessful on the black ceramic tiles because of the 
previously-mentioned black print on black background phenomenon.  The Zar-
Pro™ membrane allowed the blood residue to be lifted off the dark background, 
and all ridge details were then easily visible.  Further fluorescence of that print 
revealed remarkable detail and contrast across the entire print. 
 
a b c 
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Figures 16 and 17 illustrate a direct comparison among the two Zar-Pro™ 
processes, the peak absorbing method, and the fundamental in-situ blood 
fingerprints. 
  
 
Figure 16: Direct comparison of the Zar-Pro™ and peak absorption methods to in-situ blood 
prints on white ceramic tile 
 
The author defines the success of a method as high scores and a narrow range 
of results.  With that in mind, the peak absorption method (gray) was the poorest 
performing method on white tile, with the lowest average score: 2.58±0.37.  The 
ALS process gave poorer results than the in-situ blood prints (orange), which did 
not undergo any enhancement or change in lighting.  The Zar-Pro™ lifts (red) 
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had a higher mean score and a much smaller range than ALS absorption: 
3.05±0.36.  In this comparison, Zar-Pro™ lift fluorescence (green) was the most 
successful method, with a very high average and very small range: 3.48±0.11 for 
white tile.  Note that all but one sample scored 3.5 during the Zar-Pro™ 
fluorescence method, while many of those samples had been scored 2.5 or 3 
during the in-situ phase.  This indicates that even as the Zar-Pro™ lifts had the 
ability to enhance ridge detail, the fluorescence of those lifts further enhanced 
detail in blood prints that may not have been previously visible. 
 
 
Figure 17: Direct comparison of the Zar-Pro™ and ALS enhancement methods to in-situ blood 
prints on black ceramic tile 
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ALS peak absorption (gray) was the poorest performing method on black tile as 
well, with scores of all zero.  This is again due to the total absorption of blue light 
by blood, which leaves a black print on black tile.  The Zar-Pro™ lifts (red) had a 
higher mean score and a much smaller range than ALS absorption: 3.45±0.15 for 
black tile.  In this comparison, Zar-Pro™ lift fluorescence (green) was the most 
successful method, with the highest average and no deviation: 3.50±0.00 for 
black tile.  Note that all samples scored 3.5 during the Zar-Pro™ fluorescence 
method on black ceramic tile, while many of those samples had been scored 2 or 
2.5 during the in-situ phase.  This again indicates that even as the Zar-Pro™ lifts 
had the ability to enhance ridge detail, the fluorescence of those lifts further 
enhanced detail in blood prints that may not have been previously visible. 
 
From this, one can conclude that peak absorption is better suited for the location 
of blood prints on a light-colored item of evidence, rather than an enhancement 
method of blood prints.  It is a non-invasive procedure, and a quick scan of a 
potentially large item is possible with an ALS light source.  However, the 
process’s inherent inability to show or enhance ridge detail means that some 
other method must be used for this purpose, after probative evidence has been 
located. 
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Analysis of Hungarian Red processes and comparison to Zar-Pro™  
 
As Hungarian Red is also a protein-based blood enhancement method 
commonly used in forensics, a comparison between it and Zar-Pro™ was 
warranted. 
 
Table 9 contains the scores obtained for the Hungarian Red enhancement of 
blood prints in white light on white and black tile, and the results are illustrated in 
Figure 18. 
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Table 9 
Hungarian Red in white light 
on ceramic tile 
Print 
White 
Tile 
Scores 
Black 
Tile 
Scores 
11a 3 2.5 
11b 3 2.5 
12a 2 2 
12b 3.5 2 
13a 3.5 2.5 
13b 3 2.5 
14a 3.5 3 
14b 3.5 3 
15a 3.5 2 
15b 3.5 2 
16a 3.5 2 
16b 3.5 2 
17a 3.5 2.5 
17b 3.5 1.5 
18a 3.5 3 
18b 3.5 2.5 
19a 2.5 3 
19b 3 2.5 
20a 3.5 1 
20b 3 2 
  
 
MEAN 3.25 2.30 
STDEV 0.41 0.52 
RANGE 1.50 2.00 
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Figure 18: Hungarian Red enhancement of blood prints in white light on white and black ceramic 
tile 
 
Table 10 contains the scores obtained for the Hungarian Red gel lifts of the blood 
prints in white light, and the results are illustrated in Figure 19. 
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Table 10 
Hungarian Red lifts in white 
light from ceramic tile 
Print 
White 
Tile 
Scores 
Black 
Tile 
Scores 
11a 2.5 2 
11b 2 2 
12a 1.5 3 
12b 3.5 2 
13a 3 2.5 
13b 2.5 2 
14a 3 3 
14b 3 2.5 
15a 3 3 
15b 3 2.5 
16a 3 2.5 
16b 2.5 3 
17a 2.5 2.5 
17b 3 2 
18a 2.5 3 
18b 2 3.5 
19a 1.5 3 
19b 2 2.5 
20a 3 0.5 
20b 2.5 1.5 
  
 
MEAN 2.58 2.43 
STDEV 0.54 0.67 
RANGE 2.00 3.00 
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Figure 19: Hungarian Red lifts in white light from white and black ceramic tile 
 
Table 11 shows the scores obtained for the Hungarian Red lift fluorescence of 
blood prints with 550nm incidence light and a red barrier filter and red goggles.  
The results are illustrated in Figure 20. 
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Table 11 
HR lift fluorescence in white 
light from ceramic tile 
Print 
White 
Tile 
Scores 
Black 
Tile 
Scores 
11a 2.5 2 
11b 2 2 
12a 1.5 2.5 
12b 3.5 1 
13a 3 2 
13b 2 2 
14a 3 2.5 
14b 3 3 
15a 3.5 2 
15b 3 2.5 
16a 3 2.5 
16b 3 2.5 
17a 3 2 
17b 1.5 1.5 
18a 2 2.5 
18b 1.5 2.5 
19a 1.5 1.5 
19b 2 2 
20a 3 0.5 
20b 2.5 1.5 
  
 
MEAN 2.50 2.03 
STDEV 0.69 0.60 
RANGE 2.00 2.50 
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Figure 20: Hungarian Red lift fluorescence in white light from white and black ceramic tile 
 
Hungarian Red has a tendency to stain the background substrate28, even on the 
white non-porous ceramic tile used in this experiment.  This is why it is not 
typically used on porous surfaces.  It takes 1-2 minutes to apply and remove the 
stain, requires no extra training, and the rinse step is done with water instead of a 
potential hazard/irritant like methanol.  Incipient ridges – short, under-developed 
features present in between main fingerprint ridges – become easily visible if 
present in the Hungarian Red enhanced sample.  In many of the samples, level 3 
details such as sweat pores were also visible.  The method cannot, however, be 
done on-scene.  The stain is messy and needs to be applied over a dish into 
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which the extra stain can run off.  This also needs to be done separately with the 
rinse step. 
 
The stained impressions from the Hungarian Red process are not permanent, but 
they do not need to be, as one can apply the enhancement method in a lab 
setting and then photograph immediately.  Photography of Hungarian Red 
enhanced prints was easy and straightforward.  However, most gel lifts do not 
have a clear backing, so it is impossible to see whether there are bubbles upon 
application to Hungarian Red-stained prints. Consequently, there were several 
bubbles during this study, which created bothersome voids in the ridge pattern. 
Evident™ recommends that photography of the lifts, and fluorescence, be done 
within the hour to avoid blurring.20 However, the ridge-blurring effect seemed to 
occur immediately upon placing the gel on the print. Also, the contrast between 
the ridges and background decreased considerably with lifting – this may be due 
to ridge blurring as well. 
 
Subsequent fluorescence of the Hungarian Red lift (the in-situ Hungarian Red 
stain does not fluoresce) was very faint, if visible at all. Photography was difficult, 
and even if a decent photo of the fluorescence was captured, the ridges may 
already have been blurred into the gel.  This is illustrated in Figure 21 and Figure 
22. 
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Figure 21: (a) In situ print 20a on white tile in white light, (b) Hungarian Red enhancement of print 
20a on white tile in white light (c) Hungarian Red lift of print 20a from white tile in white light 
featuring a small void in print – photo flipped horizontally, (d) Hungarian Red lift fluorescence of 
print 20a from white tile under ALS featuring a small void in print – photo flipped horizontally. 
 
The in-situ print demonstrated in Figure 21a shows many of the ridges, but the 
blood residue amount across the print is uneven and splotchy.  In 21b, all ridges 
have been enhanced after the addition of Hungarian Red stain.  Figure 21c 
shows the lightening and blurring effect of ridges after the gel lift has been used 
on the Hungarian Red stain.  It also illustrates the issue of bubbles and voiding in 
a b 
c d 
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the gel.  Fluorescence of the gel lifted Hungarian Red print, as in 21d, shows an 
outline of the fingerprint, but almost no ridge details can be seen. 
 
Figure 22 illustrates a similar phenomenon on black tile, with a much larger and 
problematic void in the gel lift. 
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Figure 22: (a) In situ print 5d on black tile in white light, (b) Hungarian Red enhancement of print 
5d on black tile in white light (c) Hungarian Red lift of print 5d from black tile in white light 
featuring a large void in the print – photo flipped horizontally, (d) Hungarian Red lift fluorescence 
of print 5d from black tile under ALS featuring a large void in the print – photo flipped horizontally. 
 
The in-situ print demonstrated in Figure 22a shows some of the ridges, but the 
main part of the fingerprint pattern, the double loop, is not visible.  In 22b, less 
contrast is seen between the purple ridges and the black background after the 
addition of Hungarian Red stain.  Figure 22c shows the lightening and blurring 
a b 
c d 
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effect of ridges after the gel lift has been used on the Hungarian Red stain.  It 
also further illustrates the issue of bubbles and voiding in the gel.  Fluorescence 
of the gel lifted Hungarian Red print, as in 22d, shows an outline of the 
fingerprint, but almost no ridge details can be seen. 
 
Figures 23 and 24 below directly compare the Hungarian Red enhancement, gel 
lift, and subsequent fluorescence methods to in-situ blood fingerprints on both 
white and black tile. 
 
 
Figure 23: Direct comparison of Hungarian Red enhancement methods to in-situ blood prints on 
white ceramic tile 
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In this comparison, Hungarian Red lift fluorescence (yellow) was the poorest 
performing method, with the lowest scores and the widest range of results: 
2.50±0.69 for white tile.  Hungarian Red lifts (light blue) gave slightly better 
results than the HR lift fluorescence: 2.55±0.51.  Both of these processes were 
less successful than the in-situ prints (orange) without any enhancement or 
lighting change.  Hungarian Red enhancement (purple) displayed great 
enhancement over the in-situ blood prints on white tile: 3.25±0.41.  Once the gel 
lifts were employed to lift the enhanced prints, however ridge detail blurred and 
was lost to bubbles (light blue).  Hungarian Red gel lift fluorescence (yellow) 
exhibited little to no change in the amount of detail over gel lifts in white light. 
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Figure 24: Direct comparison of Hungarian Red enhancement methods to in-situ blood prints on 
black ceramic tile 
 
The comparison on black tile illustrates that Hungarian Red lift fluorescence 
(yellow) again was the poorest performing method, with the lowest scores and 
the widest range of results: 2.03±0.60 for black tile.  Hungarian Red lifts (light 
blue) gave slightly better results than the HR lift fluorescence: 2.43±0.67.  Both of 
these processes were less successful than the in-situ prints (orange) without any 
enhancement or lighting change.  Hungarian Red enhancement (purple) did not 
greatly enhance prints in comparison to in-situ blood prints.  As expected, the 
purple-stained ridges did not stand out well on black tile.  In fact, many of the 
samples displayed a lower score after the Hungarian Red was applied: 2.30±0.52 
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results for Hungarian Red enhancement on black tile, compared to 2.86±0.64 for 
in-situ black tile prints.  This may be due to the fact that the Hungarian Red stain 
decreased any contrast between the black background and the red blood 
residue.  Once the gel lifts were employed to lift the enhanced prints, detail 
blurred and was lost to bubbles (light blue).  Hungarian Red gel lift fluorescence 
(yellow) exhibited little to no change in the amount of detail over gel lifts in white 
light. 
 
Figures 25 and 26 illustrate a direct comparison between the Zar-Pro™ 
processes to the Hungarian Red processes for blood fingerprints on white and 
black ceramic tile. 
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Figure 25: Direct comparison between Zar-Pro™ enhancement methods and Hungarian Red 
enhancement methods of blood prints on white ceramic tile 
 
In the above figure, it is obvious that even while Hungarian Red enhancement 
(purple) did very well on light colored non-porous surfaces, Zar-Pro™ lift 
fluorescence (green) exhibited many more samples with a score of 3.5.  Directly 
comparing both lift fluorescence methods (green to yellow) illustrates an 
advantage of using Zar-Pro™ over Hungarian Red lift fluorescence for probative 
evidence on light-colored non-porous surfaces. 
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Figure 26: Direct comparison between Zar-Pro™ enhancement methods and Hungarian Red 
enhancement methods of blood prints on black ceramic tile 
 
In Figure 26, it is again obvious that Zar-Pro™ lifts (red) and their fluorescence 
(green) exhibited many more samples with a score of 3.5 in comparison to all 
other methods used in this experiment.  Directly comparing both lift fluorescence 
methods (green to yellow) illustrates an advantage of using Zar-Pro™ over 
Hungarian Red lift fluorescence for probative evidence on dark-colored non-
porous surfaces. 
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CONCLUSIONS 
 
In this study, Zar-Pro™ blood lifting strips and their fluorescence proved to be a 
very suitable method for lifting and enhancing blood fingerprints from non-porous 
surfaces.  The strips were compared to Hungarian Red enhancement, gel lifting, 
and fluorescence.  Overall, Zar-Pro™ methods produced more reliable and 
reproducible results than Hungarian Red methods on ceramic tile.  Taking into 
consideration the above reasons, including the advantageous portability factor of 
Zar-Pro™ for large or immovable evidentiary items (a characteristic that other 
blood enhancement methods do not have), Zar-Pro™ is suggested as the 
optimal enhancement method of a blood fingerprint stain over Hungarian Red for 
non-porous surfaces at a crime scene. 
 
From this study, one can also conclude that ALS peak absorption is better suited 
for the location of blood prints on a light-colored item of evidence, rather than an 
enhancement method of blood prints.  It is a non-invasive procedure, and a quick 
scan of a potentially large item is possible with an ALS light source.  However, 
the process’s inherent inability to show or enhance ridge detail means that some 
other method must be used for this purpose, after probative evidence has been 
located. 
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Further research needs to be conducted using different colored and textured 
substrates, especially on porous substrates comparing Zar-Pro™ to appropriate 
methods.  The author also believes it would be advantageous to direct a study 
identifying the ability of Zar-Pro™ to lift and enhance aged blood as compared to 
other standard blood enhancement methods. 
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